Abstract: This study was conducted at Nakdong Estuary in Busan Metropolitan City. The study aimed to monitor Tringa spp. at Nakdong Estuary through the comparative analysis of the long-term findings between the early 1990s (May, 1989~April, 1993 and the mid-2000s (May, 2002~April, 2008. During the research period (May, 1989~April, 1993, May, 2002~April, 2008: 10 years in total), the total of 116,761 birds representing 9 genera, 27 species were observed. Of them, the total number of Tringa genus of family Scolopacidae was 1,461 individuals (1. 
Introduction
The Nakdong Estuary, located in the extreme southern region of Korean peninsula, is known as a habitat for a lot of migratory birds. The estuary is a critical stopover site for waders to stay temporarily when they move north for reproduction in spring and also migrate to wintering sites in autumn.
In the downstream region of Nakdonggang River, the total number of 27 species of family Scolopacidae were observed: Calidris Genus (9 species), Arenaria Genus (1 species), Limicola Genus (1 species), Tringa Genus (7 species), Xenus Genus (1 species), Heteroscelus Genus (1 species), Actitis Genus (1 species), Limosa Genus (2 species), Numenius Genus (3 species), Gallinago Genus (1 species), etc. (Checklist of the Birds of Korea, 2009) . Of them, the genera Tringa, small to medium sized, includes Tringa erythropus, Tringa totanus, Tringa stagnatilis, Tringa nebularia, Tringa guttifer, Tringa ochropus, Tringa glareola, and so on.
As crucial wintering sites for migratory birds, Nakdong Estuary areas are designated as the wintering grounds of waterfowl and waders in the downstream of the Nakdong River by Cultural Heritage Administration (Natural Monuments 179, 1966. 7. 13: 247,933,884 m 2 ). Moreover, the estuary, situated in the center of East Asia, plays the most significant role as stopover wintering sites for migratory birds (Post, 1983; Hong, 1997) . The Nakdong Estuary also has foreshores and wetlands, abundant fishery resources, and wintering sites for migratory birds, thereby considered to be a valuable site for nature conservation. In order to protect this area, 5 conservation areas including the wintering grounds of waterfowl and waders are also designated as natural monuments in Korea.
The previous researches on the genera Tringa have been carried out mostly in Europe. These researches were on Tringa nebularia (Hancock et al., 1997) Gunnarsson et al., 2010) , and Tringa ochropus and Tringa glarcola (Nankinov, 1998; Vogrin, 1998) . However, there have been only a few researches about Scolopacidae at the Nakdong Estuary: one is the study of waders (Hong, 2005) , and another study is about the status of visitation of Limosa spp. and the role of Nakdong Estuary as a stopover site (Hong and Lee, 2012) . Nevertheless, there has been no research about the genera Tringa so far. As a result of the long-term monitoring of family Scolopacidae, which uses Nakdong Estuary for its stopover sites, it is significant to explore the status of migration and its habitat in order to maintain sound ecosystem of the site and to preserve the habitat for migratory birds.
Therefore, this study aimed to investigate the status of Tringa genera of family Scolopacidae and its preference for habitats at Nakdong Estuary through the comparative analysis of findings in the early 1990s and the mid-2000s.
Method
This study was surveyed at the whole areas in Nakdong Estuary once to three times a month in the early 1990s (May, 1989~April, 1993 and once to twice a month in the mid-2000s (May, 2002~April, 2008 . In each month, the most frequently observed number of individuals was selected as the number of individuals of the month.
The research sites were five sites in total: ① Daemadeung (DMD), ② Jangja (JJ) and Shinja-Do (SJD), ③ Saja and Doyo-deung (SJ & DYD), ④ Lower Ulsuk-Do (LUD), ⑤ Ulsuk-Do (USD) (Fig. 1) .
Two methods were used for surveys. One is the strip transect method to observe Scolopacidae with the naked eye and binocular (35×8, Nikon), moving along the designated route in a small craft. The other is the point census method to observe Scolopacidae through a telescope (×20~60, Sony) on a barge because of the geographical difficulty of access to the land or after landing to the Nakdong Delta (Fig. 1) .
Tringa spp. was identified with the naked eye, a pair of binoculars, and a telescope and all numbers of individuals observed were recorded. In statistical analysis, MannWhitney U test was used for the monthly comparison of two groups and Kruskal-Wallis test was used for the comparison of the individual numbers of different sites.
Result

Overall findings
During the research period (10 years in total), the total of 116,761 individuals of family Scolopacidae representing 9 genera, 27 species were observed in the Nakdong Estuary: Calidris Genus 9 species, Arenaria Genus 1 species, Limicola Genus 1 species, Tringa Genus 7 species, Xenus Genus 1 species, Heteroscelus Genus 1 species, Actitis Genus 1 species, Limosa Genus 2 species, Numenius Genus 3 species, Gallinago Genus 1 species. Of them, the total number of Tringa genus of Scolopacidae was 1,461 individuals (1.25%) representing 7 species. 
The status of individual numbers of the genera Tringa
During the research period (May, 1989~April, 1993 , May, 2002~April, 2008 : 10 years in total), the total of 116,761 birds representing 9 genera, 27 species were observed in the Nakdong Estuary. Of them all, the total number of Tringa genus of Scolopacidae was 1,461 individuals (1.25%) representing 7 species, including 150 individuals of Tringa erythropus, 24 individuals of Tringa totanus, 28 individuals of Tringa stagnatilis, 1,223 individuals of Tringa nebularia, 9 individuals of Tringa guttifer, 24 individuals of Tringa ochropus, and 3 individuals of Tringa glarcola.
As a result of the observed numbers of individuals of Tringa genus by year, 67 individuals representing 3 species were observed in the first year (May, 1989~April, 1990 ) of the early 1990s (May, 1989~April, 1993 . 176 individuals representing 5 species were observed in the second year (May, 1990~April, 1991 . 167 individuals representing 4 species were observed in the third year (May, 1991~April, 1992 . 242 individuals representing 1 species were observed in the fourth year (May, 1992~April, 1993 . Then, 82 individuals representing 1 species were observed in the fifth year (May, 2002~April, 2003 of the mid 2000s (May, 2002~April, 2008 . 65 individuals representing 5 species were observed in the sixth year (May, 2003~April, 2004 . 252 individuals representing 4 species were observed in the seventh year (May, 2004~April, 2005 . 160 individuals representing 6 species were observed in the eighth year (May, 2005~April, 2006 . 120 individuals representing 2 species were observed in the ninth year (May, 2006~April, 2007 . Lastly, 130 individuals representing 4 species were observed in the tenth year (May, 2007~April, 2008 .
The monthly comparison of the visitation of the genera Tringa between two periods
The analysis of the mean difference of observed numbers of Tringa genera Tringa spp. between the early 1990s and the mid-2000s was conducted to find out the fluctuations of the number of their individuals (Table 1) . As the results shown in Table 1 , there were no statistically significant mean differences of the numbers of individuals between the early 1990s and the mid-2000s (P<0.39). The number of individuals in the early 1990s (Mean=163.00) was larger than that in the mid-2000s (Mean=134.83).
As shown in Table 2 , the results of monthly number of individuals in each year between the early 1990s and the mid-2000s (from May to April in following year) indicated that there was statistically significant mean difference in May (P<0.01). On the other hand, no statistical significance was found in the other months.
It was found from the means between the early 1990s and the mid-2000s that no or few individuals migrated from November to February, and in May and June. Then, in spring, relatively large number of individuals migrated in March and April. Tringa genera began to migrate in July, and then the largest number of individuals migrated in September. Lastly, the number of individuals decreased steadily in October. In the mid-2000s, most of Tringa genera migrated in April and May. They began to migrate in August for the fall season, and the largest number of individuals migrated in September. As the monthly means are indicated in Figure 2 , the numbers of individuals observed in the early 1990s were approximately 1.2 times more than in the mid-2000s.
In comparison with the monthly number of individuals between the early 1990s and the mid-2000s, the migration began in March of the early 1990s, and then in April and from July to October. In the mid-2000s, relatively large numbers of individuals migrated in April, May, June, and from August to October.
In the light of the comparison of the visitation status between two periods, relatively large numbers of individuals were observed in March, April, and from July to October of the early 1990s. On the other hand, in the mid-2000s, relatively large numbers were observed from April to May and from August to October. Therefore, the beginning of the migration for the spring season in the mid-2000s tended to be delayed.
The Status of visitation of the genera Tringa by regions
The means of the individual numbers observed in the mid2000s appear in Table 3 Table 4) .
The total population observed at five sites was 809. The Fig. 3 ).
Discussion
Migratory birds need to complete nonstop flights of hundreds or thousands of kilometers, especially when they cross large bodies of water or inhospitable regions (Landys et al., 2000) . Recently many waterbirds have decreased for 10 years, and their habits of wetlands have been destructed due to the reclamation and development of the areas (Koh 1999) . The observed Tringa genera of Family Scolopacidae in the Nakdong Estuary were 1,461 individuals representing 7 species in total: Greenshank; Tringa nebularia ( August (82 individuals), September (180 individuals), and October (80 individuals). Like in Nakdong Estuary, Tringa nebularia migrated to the south by way of the wetlands along the west coast when it migrated to the wintering sites (Lee et al., 2002) .
As for the status of individual numbers of the genera Tringa by regions, among the total population (809 individuals) for 6 years, 344 individuals at Daema-deung (DMD), 71 individuals at Jangja ( According to Busan Metropolitan City (2006), Myungji residential areas, located in the north of Daema-deung (DMD), and the west of Daema-deung (DMD) have diverse number of changes in terms of advent species of macrozoobenthos. In the case of the genera Tringa, it tends to prefer the freshwater areas (Cramp and Simmons, 1983) . Therefore, the genera Tringa use both Daema-deung (DMD) which has brackish water zones and Ulsuk-Do (USD) which has freshwater areas.
As Hong and Lee (2012d) reported the similar results on the genera Limosa, the present study also showed that more number of the genera Tringa were observed when they migrated south for wintering sites in August (227 individuals), September (480 individuals), and October (216 individuals), rather than when they moved north for reproduction: in March (33 individuals), April (119 individuals), and May (281 individuals). Hence, the Nakdong Estuary is considered to be a critical site when shorebirds move to the south.
Since the genera Tringa, in particular, prefer freshwater areas, the factors leading to the decreases of habitats, such as water contamination and land reclamation caused by the developments of Ulsuk-Do (USD) in Nakdong Estuary, Myungji residential areas, and brackish water zones near Daema-deung (DMD), should be addressed. Furthermore, the systematic managements, such as the reduction of artificial structures, the requirement of minimized human interference, and the restoration and security of feeding places, are required for conserving the ecosystem of these areas.
